CLAIMS 

1 . A wavelength- tunable light generator that is used in an 
optical coherence tomography device that measures the structure 
in the depth direction of a measurement object by irradiating said 
5 measurement object with light and detecting the reflected light 
or backscattered light produced within the measurement object 
by means of a detector, wherein said wavelength^tunable light 
generator is capable of changing the wave number of said light 
stepwise . 

10 2 . The wavelength- tunable light generator according to claim 

1 in which the width of the tunable range of said wave number is 
at least 4.7x10~ 2 jLzm" 1 and the frequency width of the emitted light 
is no more than 13 GHz, comprising: 

means capable of changing the wave number stepwise 
15 at wave number intervals of no more than 3.1x10~ 4 jum" 1 and time 
intervals of no more than 530 jus. 

3 . The wavelength- tunable light generator according to claim 
1 in which the width of the tunable range of said wave number is 
at least 4.7x1 0" 2 jLzm" 1 and the frequency width of the emitted light 
20 is no more than 5 2 GHz, comprising: 

means capable of changing the wave number stepwise 
at wave number intervals of no more than 1 2.4x1 0" 4 jum" 1 and time 
intervals of no more than 530 jus . 

4* A wavelength-tunable light generator that is used as a 
2 5 wavelength- tunable light source of an optical coherence tomography 
device comprising a wavelength- tunable light source, means for 
dividing the output light of said wavelength- tunable light source 
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into a first light beam and a second light beam, means for irradiating 
a measurement object with the first light beam, means for combining 
the first light beam that has been reflected or backscattered by 
said measurement object and the second light beam, means for 
5 measuring intensities of output light combined by said means for 
combining for each of wave numbers of said wavelength- tunable light 
source, and means for specifying, in the depth direction of said 
measurement object, the position at which the first light beam 
is reflected or backscattered by said measurement object from a 
10 set of said intensities of output light obtained for each of said 
wave numbers by means of said means for measuring, 

wherein the width of the tunable range of the wave 
number is increased so that the resolution is no more than 8G jura 
and the frequency width and wave number interval of the emitted 

1 5 light are reduced so that the measurable range is at least 1 0 mm, 

said wavelength-tunable light generator further comprising: 

means capable of changing the wave number stepwise 
at time intervals of no more than the time obtained by dividing 
the first value obtained by dividing said resolution by the speed 

2 0 1 mm/s by the second value obtained by dividing the width of said 

tunable range by said wave number interval, 

5- A wave length- tunable light generator that is used as a 
wavelength- tunable light source of an optical coherence tomography 
device comprising a wavelength-tunable light source, means for 
25 dividing the output light of said wavelength-tunable light source 
into a first light beam and a second light beam, means for irradiating 
a measurement object with the first' light beam, means for combining 
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the first light beam that has been reflected or backscattered by 
said measurement object, and the second light beam, means for 
measuring intensities of output light combined by said means for 
combining for each of wave numbers of said wavelength- tunable light 
5 source, and means for specifying, in the depth direction of said 
measurement object, the position and intensity with which the first 
light beam is reflected or backscattered by said measurement object 
from a set of said intensities of output light obtained for each 
of the wave numbers by means of said means for measuring, 

1 0 wherein the width of the tunable range of the wave 

number is increased so that the resolution is no more than 80 jjm 
and the frequency width and wave number interval of the emitted 
light are reduced so that the measurable range is at least 1 0 mm, 
the wavelength- tunable light generator further comprising: 

1 5 means capable of changing the wave number stepwise 

at time intervals of no more than the time obtained by dividing 
the first value obtained by dividing said resolution by the speed 
1 mm/s by the second value obtained by dividing the width of said 
tunable range by said wave number interval . 

20 6. A wavelength- tunable light generator that is used as a 

wavelength-tunable light source of an optical coherence tomography 
device comprising a wavelength- tunable light source, means for 
dividing the output light of said wavelength- tunable light source 
into a first light beam and a second light beam, means for irradiating 

25 a measurement object with the first light beam, means for combining 
the first - light beam that has been reflected or backscattered by 
said measurement object, and the second light beam, means for 
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measuring intensities of the output light combined by said means 
for combining for each of wave numbers of said wavelength- tunable 
light source, and means for specifying, in the depth direction 
of said measurement object, the position and intensity with which 
5 the first light beam is reflected or backscattered by said 

measurement object from a set of intensities of said output light 
obtained for each of the wave numbers by means of said means for 
measuring, 

wherein the width of the tunable range of the wave 
1 0 number is increased so that the resolution is no more than 80 jLzm 
and the frequency width and wave number interval of the emitted 
light are reduced so that the measurable range is at least 2.5 
mm, the wavelength- tunable light generator further comprising: 

means capable of changing the wave number stepwise 

1 5 at time intervals of no more than the time obtained by dividing 

the first value obtained by dividing said resolution by the speed 
4 mm/s by the second value obtained by dividing the width of said 
tunable range by the wave number interval. 

7. The wavelength™ tunable light generator according to any 
20 one of claims 4 to 6, wherein saidmeans for irradiating a measurement 
object with the first light beam are capable of scanning an 
irradiation position at which saidmeasurement object is irradiated 
with the first light beam, said wavelength- tunable light generator 
further compri s ing : 

2 5 means for constructing a tomogram of said measurement 

object on the basis of information specified by said means for 
specifying and information relating to said irradiation position. 
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8, The wavelength- tunable light generator according to any 
one of claims 4 to 7 , wherein said means for specifying subject 
a combination of real numbers comprising said intensities of said 
output light and said wave numbers to a Fourier transform, 
5 9* The wavelength-tunable light generator according to any 

one of claims 1 to 8, further comprising: 

means for constructing a motion image of a tomogram of said 
measurement object by constructing a plurality of said tomogram. 

1 0 • The wavelength-tunable light generator according to any 
1 0 one of claims 1 to 9, wherein a light-emitting element constituting 
the wavelength- tunable light generator is a wavelength- tunable 
laser. 

11. - The wave length- tunable light generator according to any 
one of claims 1 to 10, wherein a light-emitting element constituting 

1 5 the wavelength- tunable light generator is a super structure grating 
distributed Bragg reflector semiconductor laser. 

12. The wavelength-tunable light generator according to 
any one of claims 1 to 10, wherein a light-emitting element 
constituting the wavelength- tunable light generator is a sampled 

20 grating distributed Bragg reflector semiconductor laser, 

13. An optical coherence tomography device t wherein the 
wavelength- tunable light generator according to any one of claims 
1 to 1 2 is used as a light source. 

14. An optical coherence tomography device, comprising: 
25 the wavelength- tunable light generator according to 

any one of claims 1 to 12; 

means for dividing the output light of said 
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wavelength- tunable light generator into a first light beam and 
a second, light beam; 

means for irradiating a measurement object with the 
first light beam; 
5 means for combining said first light beam that has 

been reflected or backscattered by said measurement object, and 
the second light beam; 

means for measuring intensities of output light 
combined by said means for combining for each of wave numbers of 
10 said wavelength- tunable light generator; and 

means for specifying, in the depth direction of said 
measurement object, the position at which the first light beam 
is reflected or backscattered by said measurement object from a 
set of said intensities of output light obtained for each of said 
15 wave numbers by means of said means for measuring. 

15. An optical coherence tomography device, comprising: 
the wavelength-tunable light generator according to 
any one of claims 1 to 12; 

means for dividing the output light of said 
20 wavelength- tunable light generator into a first light beam and 
a second light beam; 

means for irradiating a measurement object with the 
first light beam; 

means for combining said first light beam that has 
2 5 been reflected or backscattered by said measurement object, and 
the second light beam; 

means for measuring intensities of output light 
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combined by said means for combining for each of wave numbers of 
said wavelength-tunable light generator; and 

means for specifying, in the depth direction of said 
measurement object, the position and intensity with which the first 
5 light beam is reflected or backseat tered by said measurement object 
from a set of said intensities of output light obtained for each 
of said wave numbers by means of said means for measuring. 

16. The optical coherence tomography device according to 
claim 14 or 15, wherein said means for irradiating a measurement 

10 object with the first light beam are capable of scanning an 

irradiation position of the first light beam, the optical coherence 
tomography device further comprising: 

means for constructing a tomogram of said measurement 
object on the basis of information specified by said means for 

1 5 specifying and information relating to said irradiation position. 

17. The optical coherence tomography device according to 
any one of claims 1 4 to 1 6 , wherein saidmeans for specifying subject 
a combination of real numbers comprising the intensity of said 
output light and said wave numbers to a Fourier transform. 

20 18. The optical coherence tomography device according to 

any one of claims 14 to 17, further comprising: 

means for constructing a motion image of a tomogram 
of said measurement object by constructing a plurality of said 
tomogram. 

25 19* An optical coherence tomography device, comprising: 

the wavelength-tunable light generator according to 
any one of claims 1 to 3; 
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a sample optical path that guides output light of said 
wavelength-tunable light generator to a sample without dividing 
the output light; 

a partial reflection mechanism that returns a portion 
5 of the irradiated light of said sample optical path along said 
sample optical path; and 

an optical detection optical path that guides the 
reflected light and backscattered light from the sample along said 
sample optical path and the reflected light from the partial 
10 reflection mechanism to a photodetector . 

20. An optical coherence tomography device, comprising: 
the wavelength- tunable light generator according to 
any one of claims 1 to 3 ; 

a sample optical path that guides output light of said 
1 5 wavelength- tunable light generator to a sample without dividing 
the output light; 

a partial reflection mechanism that reflects a portion 
of the light of said sample optical path along said sample optical 
path after affording the portion of light with a desired 
20 polarization characteristic; 

a sample light polarization- specif ying mechanism that 
irradiates the sample with light that has been transmitted by the 
partial reflection mechanism in said sample optical path after 
affording the transmitted light the desired polarization 
25 characteristic; and 

an optical detection optical path that guides the 
reflected light and backscattered light from the sample and the 
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reflected light from the partial reflection mechanism to means 
for dividing incident light into two components of the polarization 
directions which are orthogonal, 

wherein two outputs of saidmeans for dividing incident 
5 light into two components of the polarization directions which 
are orthogonal are detected by using a photodetector and an 
amplifier respectively, output data of said amplifier are sent 
to a data processor, and a tomogram showing the polarization 
characteristic of the sample is constructed by the data processing 
10 of said data processor. 

21 - A wavelength-tunable light generator for dental optical 
coherence tomography, wherein the wavelength can be changed 
stepwise in the range 0.9 jum to 5.0 jum. 

22 . The wavelength- tunable light generator for dental 
15 optical coherence tomography according to claim 21, wherein the 

width of the tunable range of said wave number is at least 4.7x1 0" 2 
jum" 1 , the frequency width of the emitted light is no more than 
13 GHz, the wave number interval is no more than 3.1 x10" 4 jum" 1 , 
and said wave number can be switched stepwise at time intervals 
20 of no more than 530 jLzs - 

23. A dental optical coherence tomography device, wherein 
the wavelength- tunable light generator for dental optical 
coherence tomography according to claim 21 or 22 is used in a light 
source as wavelength- tunable light generating means. 

25 24 . The dental optical coherence tomography device according 

to claim 23, comprising: 

polarization characteristic measuring means for 
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measuring the polarization characteristic of a tooth. 

25 .-The dental optical coherence tomography device according 
to claim 24 f wherein said polarization characteristic measuring 
means comprise: 

5 main dividing means for dividing the light from =said 

wavelength- tunable light generating means into measurement light 
and reference light with controlling the polarization direction 
of the light; 

measurement light irradiating means for irradiating 
10 a tooth in an oral cavity with said measurement light divided by 
said main dividing means; 

signal light collecting means for collecting signal 
light that is reflected by the tooth following irradiation of said 
tooth; 

1 5 combining means for separating said signal light 

collected by said signal light collecting means into components 
of two or more polarization directions and for respectively 
combining the separated light components with said reference light 
divided by said main dividing means; and 

20 computation control means for finding the 

polarization characteristic of said tooth on the basis of the 
intensity of the signal light of different polarization directions 
thus combined. 

26 • The dental optical coherence tomography device according 
25 to any one of claims 23 to 25, wherein said polarization 

characteristic measuring means comprise: 

main dividing means for dividing the light from said 
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wavelength- tunable light generating means into measurement light 
and reference light; 

measurement light irradiating means for irradiating 
a tooth in an oral cavity with said measurement light divided by 
5 said main dividing means ; 

signal light collecting means for collecting said 
signal light that is reflected by the tooth following the 
irradiation of said tooth; 

combining means for combining the signal light. 
1 0 collected by said signal light collecting means and said reference 
light divided by said main dividing means; and 

computation control means for controlling said 
wavelength-tunable light generating- means so that said light from 
said wavelength- tunable light generating means has the intended 

1 5 wavelength range and for finding the characteristics of said tooth 

on the basis of the wavelength range of the light from said 
wavelength-tunable light generating means and the intensity of 
the light combined by said combining means, 

wherein said computation control means control said 

2 0 wavelength- tunable light generating means so that light of a 

plurality of different wavelength ranges is output and find the 
characteristics of said tooth by finding the intensity of said 
light combined by said combining means for each wavelength range. 
27. A dental optical coherence tomography device , 
25 comprising: 

wavelength-tunable light generating means; 

main dividing means for dividing the light from said 
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wavelength-tunable light generating means into measurement light 
and reference light; 

measurement light irradiating means for irradiating 
a tooth in an oral cavity with said measurement light divided by 
said main dividing means ; 

signal light collecting means for collecting the 
signal light that is reflected by the tooth following the 
irradiation of said tooth; 

combining means for combining the signal light 
collected by said signal light collecting means and said reference 
light divided by said main dividing means; and 

computation control means for controlling said 
wavelength- tunable light generating means so that said light from 
said wavelength- tunable light generating means has the intended 
wavelength range and for finding the characteristics of said tooth 
on the basis of the wavelength range of the light from said 
wavelength- tunable light generating means and the intensity of 
the light combined by said combining means, 

wherein said computation control means control said 
wavelength-tunable light generating means so that light of a 
plurality of different wavelength ranges is output and find the 
characteristics of said tooth by finding the intensity of the light 
combined by said combining means for each wavelength range. 

28 , The dental optical coherence tomography device according 
to claim 26 or 27, wherein said computation control means find 
the light absorption coefficient of said tooth by finding the 
intensity of the light combined by said combining means for each 
«i 
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wavelength range and find the characteristics of said tooth on 
the basis of said light absorption coefficient. 

29 . The dental optical coherence tomography device according 
to claim -28, wherein said computation control means find the 

5 abundance per unit volume of the composition of the enamel or dentine 
of said tooth on the basis of said light absorption coefficient, 

30 . The dental optical coherence tomography device according 
to claim 29, wherein said computation control means further find 
the water concentration per unit volume of the enamel or dentine 

10 of said tooth on the basis of said light absorption coefficient. 

31 . The dental optical coherence tomography device 
according to any one of claims 23 to 30, wherein said 
wavelength- tunable light generating means are a" 
wave length- tunable semiconductor laser light generator. 

15 32. A dental optical coherence tomography device, 

comprising: 

wavelength- tunable light generating means; 

main dividing means for dividing the light from said 
wavelength-tunable light generating means into measurement light 
20 and reference light; 

measurement light irradiating means for irradiating 
a tooth in an oral cavity with said measurement light divided by 
said main dividing means; 

signal light collecting means for collecting the 
25 signal light that is reflected by the tooth following the 
irradiation of said tooth; 

combining means for combining the signal light 
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collected by said signal light collecting means and said reference 
light divided by said main dividing means; and 

computation control means for controlling said 
wavelength- tunable light generating means so that said light from 
5 said wavelength-tunable light generating means has the intended 
wavelength range and for finding the characteristics of said tooth 
on the basis of the wavelength range of said light from said 
wavelength- tunable light generating means and the intensity of 
said light combined by said combining means, 
1 0 wherein the wavelength-tunable light generatingmeans 

are a wavelength-tunable semiconductor laser light generator . 

33 • The dental optical coherence tomography device according 
to claim 27 or 32, wherein said wave length- tunable light 
generating means output light in a wavelength range between 1 .2 

1 5 jum and 5.0 jizm - 

34 . The dental optical coherence tomography device according 
to claim 33 , wherein said wavelength- tunable light generatingmeans 
output light in a wavelength range wider than 1 * 3 jLzm to 1 . 6 Jim 
within 1-2 jum and 5*0 Jim. 

2 0 35 . The dental optical coherence tomography device according 

to claim 33 or 34 , wherein said main dividingmeans and said combining 
means are combined to serve as main dividing and combining means . 

36 . The dental optical coherence tomography device according 
to any one of claims 33 to 35, wherein said measurement light 

25 irradiating means and said signal light collecting means are 
combined to serve as irradiating and collecting means: 

37 , The dental optical coherence tomography device according 
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to claim 36 , wherein said irradiating and collectingmeans comprise : 
an outer tube that is flexible and optically 

transparent at least at the leading end; 

a flexible inner tube that is laid within said outer 
5 tube so as to be capable of rotating in a circumferential direction 

and is formed with an I/O light window for said measurement light 

and said signal light at the leading end thereof; 

an optical fiber that is laid within said inner tube 

and that guides said measurement light and said signal light; and 

1 0 a probe that is provided at the leading end within 

said inner tube and that comprises connecting means for optically 
connecting the leading end of said optical fiber and said I/O light 
window of said inner tube. 

38 . The dental optical coherence tomography device according 
15 to claim 37, wherein said probe comprises an observation mirror 
used for visual confirmation at the leading end of said outer tube. 

39. An optical coherence tomography device which comprises 
a wavelength- tunable light generator capable of changing the wave 
number of light stepwise and which measures the structure in the 

20 depth direction of a measurement object by irradiating said 
measurement object with light that is output from said 
wavelength-tunable light generator and detecting reflected light 
or backscattered light that is produced within said measurement 
object by means of a detector, 

2 5 wherein said measurement object is biological tissue. 

40 . A diagnosis method for tissue constituting a human body , 
comprising the steps of: 



143 



irradiating tissue constituting a human body with 
light from the wavelength-tunable light generator according to 
any one of claims 1 to 1 2 ; 

detecting reflected light or backscattered light that 
is produced within said tissue constituting a human body by means 
of a detector; and 

constructing, by means of an optical coherence 
tomography, the structure of said tissue constituting a human body 
in the depth direction on the basis of detection data detected 
by said detector. 

41 • A wave length -tunable light generator for optical 
coherence tomography, comprising: 

a light-emitting section that combines and outputs 
the outputs of a plurality of wavelength-tunable light sources 
of different wave number sweep ranges; and 

a control device that permits a wave number sweep in 
excess of the wave number sweep range of individual 
wavelength-tunable light sources by sweeping said 
wave length- tunable light sources one at a time. 

42. The optical coherence tomography wavelength- tunable 
light generator according to claim 41 , wherein said 
wavelength- tunable range is at least 0.2 jizirf 1 as a wave number, 

43. A wavelength-tunable light generator for optical 
coherence tomography, comprising: 

a light-emitting section that combines and outputs 
the outputs of a plurality of wavelength- tunable light sources 
of different sweep wave numbers; and 
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a control device that permits a wave number sweep so 
that the -wave numbers that can be output by the individual 
wavelength-tunable light sources supplement one another by 
sweeping said wavelength- tunable light sources one at a time, 

44. The wavelength-tunable light for optical coherence 
tomography generator according to any one of claims 41 to 43, wherein 
said plurality of wavelength-tunable light sources of different 
sweep wave numbers are capable of changing the wave number stepwise. 

45. The wavelength-tunable light generator for optical 
coherence tomography according to any one of claims 41 to 44, wherein 
said light-emitting section comprises an optical switch and said 
outputs are combined and output by said optical switch. 

46. The wavelength- tunable light generator for optical 
coherence tomography according to any one of claims 41 to 45, 
wherein said wavelength-tunable light sources comprises 
wavelength- tunable semiconductor lasers . 

47. An optical coherence tomography device, comprising: 

a wavelength- tunable light generator; 

means for dividing the output light of said 
wavelength- tunable light generator into measurement light and 
reference light; 

means for irradiating a measurement object with said 
measurement light and for collecting signal light produced as a 
result of said measurement light being reflected or backscattered 
by said measurement object; 

means for combining said signal light and said 
reference light; 



145 



means for measuring the intensity of the output light 
combined by said combining means for each wave number of said 
wavelength- tunable light generator; and 

means for specifying, in the depth direction of said 
5 measurement object, the position at which said measurement light 
is reflected or backscattered by said measurement object and the 
reflection or backscatter intensity, from a set of intensities 
of said combined output light measured for each of the wave numbers 
by said measuring means , 

1 0 wherein said wavelength-tunable light generator is 

a wavelength- tunable light generator according to any one of claims 
41 to 46. 

48. The optical coherence tomography device according to 
claim 47, wherein said dividing means and said combining means 

15 are the same means. 

49. The optical coherence tomography device according to 
claim 47 or 48, comprising, instead of said means for irradiating 
a measurement object with said measurement light and for collecting 
signal light produced as a result of said measurement light being 

20 reflected or backscattered by said measurement object: 

means for irradiating the measurement object with said 

measurement light; and 

means for collecting signal light produced as a result 

of said measurement light being reflected or backscattered by said 

2 5 measurement object. 

50 . The optical coherence tomography device according to 
any one of claims 47 to 49, wherein said specifying means subject 
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a combination of real numbers comprising the intensity of 
said output light and said wave number to a Fourier transform. 

51 . An optical coherence tomography device that employs the 
wavelength- tunable light generator according to any one of claims 
5 41 to 46. 

52. The optical coherence tomography device according to 
any one of claims 47 to 50, wherein said specifying means correct 
the fluctuations in the intensity with respect to the wave number 
of the output light of said wavelength- tunable light generator. 
'10 53. The optical coherence tomography device according to 

any one of claims 47 to 50, and claim 52, wherein said specifying 
means correct the intensity of said output light by using a window 
function. 

54. A wave length- tunable light generator for optical 

1 5 coherence tomography, wherein the outputs of a plurality of 

wavelength- tunable light sources of a different frequency sweep 
range or a different sweep wave number are combined and output. 

55. The optical coherence tomography device according to 
any one of claims 47 to 50, wherein said specifying means subject 

.20 a combination of real numbers comprising said intensity of the 
output light combined by said combining means and said wave number 
to a Fourier transform. 

56 . The optical coherence tomography device according to 
claim 55, wherein said specifying means correct said intensity 

25 of the output light combined by said combining means so as to 
eliminate the effect of fluctuations in the intensity with respect 
to the wave number of the output light of said wavelength-tunable 
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light generator. 

57. The optical coherence tomography device according to 
claim 56, wherein said correction is performed by multiplying a 
reciprocal number of a value that is obtained by sequentially 

5 measuring the intensity of the output light of said 

wavelength-tunable light generator each time said wave number is 
changed during the measurement by said optical coherence tomography 
device , or a numerical value that is proportional to said reciprocal 
number, by said intensity of the output light combined by said 
1 0 combining means . 

58. The optical coherence tomography device according to 
claim 56, wherein said correction is performed by multiplying a 
reciprocal number of a value that is obtained by pre-measuring, 
for each of said wave numbers, the intensity of the output light 

-15 of said wavelength- tunable light generator, or a numerical value 
that is proportional to said reciprocal number, by the intensity 
of said combined output light, 

59. The optical coherence tomography device according to 
any one of claims 55 to 58, wherein said specifying means use a 

* 20 window function to modify said intensity of the output light 
combined by said combining means or said intensity of the output 
light combined by said combining means, which is corrected so as 
to eliminate the effect of fluctuations in the intensity with 
respect to the wave number of the output light of said 
25 wavelength- tunable light generator. 

60. The optical coherence tomography device according to 
claim 55, wherein said specifying means correct said intensity 

1 48 



of the output light combined by said combining means so as to obtain 
the same measurement result as the measurement result obtained 
when the intensity distribution with respect to the wave number 
of the output light of said wavelength- tunable light generator 
matches a desired window function. 
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